Detection of Acanthamoeba on the ocular surface in a Spanish population using the Schirmer strip test: pathogenic potential, molecular classification and evaluation of the sensitivity to chlorhexidine and voriconazole of the isolated Acanthamoeba strains Pedro Rocha-Cabrera, Pathogenic strains of Acanthamoeba are causative agents of a sight-threatening infection of the cornea known as Acanthamoeba keratitis, which is often associated with the misuse of contact lenses. However, there is still a question remaining to be answered, which is whether these micro-organisms are present on the ocular surface of healthy individuals. Therefore, the aim of this study was to determine the presence of Acanthamoeba on the ocular surface in healthy patients and also in those with other ocular surface infections. Sterile Schirmer test strips were used to collect samples from a group of patients who attended an ophthalmology consultation at the Hospital del Norte, Icod de los Vinos, Tenerife, Canary Islands. Most of the patients (46 individuals, 79.31 %) presented ocular surface pathologies such as blepharitis or conjunctivitis; the rest did not present any pathology. None of the patients included in the study wore contact lenses. The collected samples were cultured in 2 % non-nutrient agar plates and positive plates were then cultured in axenic conditions for further analyses. Molecular analysis classified all isolated strains as belonging to Acanthamoeba genotype T4, and osmotolerance and thermotolerance assays revealed that all strains were potentially pathogenic. Furthermore, all strains were assayed for sensitivity against voriconazole and chlorhexidine. Assays showed that both drugs were active against the tested strains. In conclusion, the Schirmer strip test is proposed as an effective tool for the detection of Acanthamoeba on the ocular surface.
INTRODUCTION
Free-living amoebae of genus Acanthamoeba are widely distributed in the environment, and have been isolated from the air, soil, water, contact lenses, air-conditioning units, clinical samples and others. These amoebae are able to cause pathologies in humans, such as granulomatous amoebic encephalitis and Acanthamoeba keratitis (AK) (Lorenzo- Morales et al., 2013; Marciano-Cabral & Cabral, 2003; Siddiqui & Khan, 2012) , which mostly affects contact lens wearers. Regarding AK, an early diagnosis is required to achieve a successful therapeutic outcome (Khan, 2006; Lorenzo-Morales et al., 2013) . Nevertheless, effective therapies need to be developed against Acanthamoeba infections, owing mainly to the existence of a highly resistant cyst stage in the life cycle of these amoebae and also to the emergence of strains that are resistant to the currently used anti-amoebic compounds (Khan, 2006; Lorenzo-Morales et al., 2008 Siddiqui & Khan, 2012) .
Currently, the recommended treatment regimen for AK includes a biguanide [0.02% polyhexamethylene biguanide (PHMB) or 0.02% chlorhexidine digluconate] together with a diamidine (0.1% propamidine isethionate, also known as Brolene, or 0.1% hexamidine, also known as Desomedine) (Martín-Navarro et al., 2008 . Biguanides are most often used owing to their effectiveness in the successful treatment of AK, and are frequently combined with a diamidine because of their presumed additive anti-amoebic effect (Lorenzo- Morales et al., 2013; Siddiqui & Khan, 2012) . Chlorhexidine and PHMB as monotherapy agents have been proven not to be sufficient against clinical or environmental strains of Acanthamoeba (Martín-Navarro et al., 2008; Siddiqui & Khan, 2012) and have highlighted the importance of multiple-strain testing of drugs against Acanthamoeba as their effectiveness might depend on the Acanthamoeba isolate (Lim et al., 2008; Martín-Navarro et al., 2013; Shoff et al., 2008) . Recently, voriconazole has been demonstrated to be highly active against clinical strains of Acanthamoeba and has even been successfully applied in a clinical case of AK in Spain (Arnalich-Montiel et al., 2012) .
Evolutionary studies of Acanthamoeba have led to the identification of 19 different genotypes (T1-T19) based on rRNA gene sequencing (Lorenzo- Morales et al., 2013; Magnet et al., 2014; Qvarnstrom et al., 2013) . Attempts to correlate pathogenicity with certain genotypes continue to be made although it has been shown that 90% of Acanthamoeba isolates that produce infections belong to the T4 genotype, suggesting that the abundance of T4 isolates in human infections is most likely due to their greater virulence and/or other properties that enhance their transmissibility, as well as to their decreased susceptibility to chemotherapeutic agents (Khan, 2006; Lorenzo-Morales et al., 2013 , 2015 .
Nevertheless, there is a general lack of knowledge about the prevalence of Acanthamoeba on the ocular surface of individuals. Therefore, in this study, a survey was conducted in order to check for the presence of Acanthamoeba strains on the ocular surface of healthy individuals and also in patients suffering from eye infections attending a local ophthalmology consultation in Tenerife, Canary Islands, Spain.
METHODS
Patients and sample collection. Fifty-eight patients who attended an ophthalmology consultation at the Hospital del Norte, Icod de los Vinos, Tenerife, Canary Islands, were included after signing an informed consent to participate in this study. Most of the patients (46 individuals, 79.31%) presented ocular surface pathologies such as blepharitis or conjunctivitis; the rest did not present any pathology. None of the patients included in the study wore contact lenses.
Samples were collected from both the left and the right eye of each patient included in this study (Fig. 1) ; thus a total of 116 samples (both eyes of 58 patients) were processed. Schirmer-Plus strips (GECIS) were used for the collection of ocular surface samples from the patients. These strips are packaged as two-strip sterile blister packs for a bilateral test. Samples were collected without using any antiseptic in order to preserve the normal microbial flora of the individuals. After placing the strips in the eye of the patients for 5 min, strips were collected with sterile tweezers and kept in sterile 2 ml centrifuge tubes until processing in the laboratory less than 24 h later. Data such as sex, age, presentation of ocular pathology, lacrimal duct obstruction and/or any other symptoms were collected by questioning the patients directly, and the patients' eyes were checked using a slit lamp during sample collecting.
Culture and identification of the amoebae. The Schirmer test strips were seeded less than 24 h after collection onto 2% nonnutrient agar (NNA) plates with a layer of heat-inactivated Escherichia coli at 28 uC and were monitored daily for the presence of free-living amoebae as previously described (Lorenzo- Morales et al., 2005 Morales et al., , 2015 . The isolates were cultured axenically in 75 cm 2 culture tissue flasks without shaking, at 28 uC, in PYG medium [0.75% (w/v) proteose peptone, 0.75% (w/v) yeast extract, and 1.5% glucose] supplemented with 20 mg ml 21 gentamicin. A part of each strip was also checked directly by specific Acanthamoeba PCR.
Identification of the strains at the genotype level. DNA directly from strips and from cultures identified as positive for amoebae by microscopy was extracted by placing a piece of the strip or 1-2 ml of amoeba cultures directly into the Maxwell 16 Tissue DNA Purification kit sample cartridge (Promega). Amoebic genomic DNA was purified using the Maxwell 16 instrument as described in the Maxwell 16 DNA Purification kit technical manual no. TM284 (Promega). DNA yield and purity were determined using a NanoDrop 1000 spectrophotometer (Fisher Scientific).
18S rDNA gene amplifications for Acanthamoeba (DF3 region) were performed as previously described from both DNA extracts from the strips and positive cultures (Booton et al., 2005; Niyyati et al., 2009) . The resulting PCR products were purified using the Qiaquick PCR purification kit (Qiagen) and sequenced using a MEGABACE 1000 automatic sequencer (Healthcare Biosciences) in the University of La Laguna sequencing service (Servicio de Secuenciació n SEGAI, Fig. 1 . Collection of ocular surface samples from the individuals included in this study. The Schirmer test strip was placed in the eye of the patient as shown in the figure, avoiding contact with the skin. Strips were left in the eye for 5 min, followed by further processing of the samples for the identification of Acanthamoeba.
University of La Laguna). Sequences were aligned using the MEGA5 software program (Tamura et al., 2011) . Genotype identification was based on sequence analysis of the DF3 region as previously described by comparison with the available Acanthamoeba DNA sequences in the GenBank database (Booton et al., 2005; Niyyati et al., 2009) . Acanthamoeba castellanii Neff ATCC 30010 DNA was used as a positive control in the PCRs. The sequences for the new isolates are deposited in the GenBank database.
Pathogenic potential. Osmotolerance of the isolated amoebae was assayed by incubating the strains on 2% NNA plates containing mannitol at 0.5, 1.0 and 1.5 M and seeded with heat-killed E. coli. Approximately 10 3 trophozoites were inoculated onto the centre of NNA plates. Plates were observed for amoebal growth with an inverted microscope after 24, 48 and 72 h. To investigate thermotolerance, approximately 10 3 trophozoites were inoculated in the centre of NNA plates seeded with heat-killed E. coli. The plates were incubated at 28, 37 and 41 uC, and monitored using an inverted microscope for amoebal growth after 24, 48 and 72 h. Approximately 10 3 trophozoites were inoculated in the centre of new NNA plates seeded with heat-killed E. coli, incubated at room temperature, and monitored for growth after 24, 48 and 72 h. These latter plates were used as a control. The procedure was repeated using previously established thermo-and osmotolerant Acanthamoeba strains as positive controls (Martín-Navarro et al., 2008) .
Activity assays. The activity of two drugs currently used against Acanthamoeba was tested on all isolated strains of Acanthamoeba in this study, with the exception of two strains that were lost during axenification. Chlorhexidine (chlorhexidine digluconate; Alfa Aesar) is a standard antiseptic belonging to the biguanide family of antiseptics that is commonly used in contact lens maintenance solutions, and voriconazole (Sigma) is an inhibitor of ergosterol synthesis that has been proven previously to be highly effective against clinical strains of Acanthamoeba (Arnalich- Montiel et al., 2012; Martín-Navarro et al., 2013) . For the sensitivity and activity assays, a type strain from the ATCC, A. castellanii Neff ATCC 30010, genotype T4, was used as a control.
For the activity assays, a previously developed colorimetric 96-well microtitre plate assay, based on the oxido-reduction of Alamar Blue assay (Martín-Navarro et al., 2008) , was used for the determination of drug efficacy against the trophozoite stage of the Acanthamoeba strains. Subsequently, the plates were analysed over a period of 72 to 120 h, on an EnSpire Multimode Plate Reader (Perkin Elmer) using a test wavelength of 570 nm and a reference wavelength of 630 nm. For those strains that were sensitive to the assayed drugs, the percentage of inhibition and 50 and 90% inhibitory concentrations (IC 50 and IC 90 ) were calculated by linear regression analysis using a 95% confidence limit. All experiments were performed three times each in duplicate and the mean values were also calculated. A paired two-tailed t-test was used for analysis of the data. Values of Pv0.05 were considered significant. The inhibition curves of the statistical analysis were developed using the Sigma Plot 12.0 software program (Systat Software).
RESULTS
Samples were collected from a total of 36 women and 22 men, with a mean age of 50 years. From the total of 116 samples, 17 samples (14.6%) were positive for genus Acanthamoeba. These 17 samples corresponded to 15 individuals (25.8%); 11 samples were positive only for the right eye and 6 for the left eye. Moreover, in the case of two patients, ocular surface samples were positive for amoebae in both eyes.
It is important to mention that 51% (88 samples) of the individuals included in the study presented ocular surface pathologies: 16 patients were suffering from staphylococcal blepharitis (18.1%), 49 individuals had seborrhoeic blepharitis (55.7%) and 15 patients presented keratoconjunctivitis sicca, or dry-eye syndrome (17%). The remaining eight individuals (4.7%) did not present any pathology. Among the patients that were positive for Acanthamoeba, 14 (93.3%) presented ocular surface pathologies, mainly seborrhoeic blepharitis (eight patients), staphylococcal blepharitis (four patients) and dry-eye syndrome (three patients) or a combination of two of the mentioned pathologies.
As was mentioned above, 15 individuals (17 samples) were positive for the presence of Acanthamoeba on the ocular surface in 2% NNA plates. Once amoebae were detected on the plates, the strains were axenified in PYG medium as described in Methods. Unfortunately, only 15 strains adapted to axenic conditions and were kept in this medium in order to carry out the sensitivity and activity assays. In parallel, direct PCR from the Schirmer test strips revealed that these 17 samples were also positive by PCR for genus Acanthamoeba.
The DF3 region fragments obtained after performing PCR were sequenced, which allowed the classification of all the obtained isolates at the genotype level. All strains showed a homology of the DF3 region of more than 95% when compared with other Acanthamoeba genotype T4 sequences available in the GenBank database, and thus all were classified as members of the genotype T4 (Table 1) . Most of the isolated Acanthamoeba strains showed thermo-and osmotolerance, being able to grow at 37 and 41 uC and in 0.5 and 1 M mannitol, and were thus classified as potentially pathogenic. Only two strains were not able to grow at 41 uC in 1 M mannitol (Table 1) .
Regarding the sensitivity and activity assays, all strains were sensitive to chlorhexidine and voriconazole. Nevertheless, voriconazole was the more active molecule against all the isolated Acanthamoeba strains (Table 2) , respectively (see Table 2 ).
DISCUSSION
Pathogenic strains of genus Acanthamoeba are causative agents of AK and lethal encephalitis (Lorenzo- Morales et al., 2015) . Regarding AK, the majority of affected individuals are contact lens wearers and infection is often related to improper use and cleaning of lenses and their cases (Lorenzo- Morales et al., 2013 Morales et al., , 2015 Siddiqui & Khan, 2012) . Moreover, there is an urgent need to develop fully effective drugs to eradicate Acanthamoeba infections owing to the existence of a highly resistant cyst stage in this organism. Until now, studies have focused on the isolation of Acanthamoeba from clinical samples of affected individuals, such as corneal scrapes, contact lenses and cornea, among others (Lorenzo- Morales et al., 2015; Martín-Navarro et al., 2008) . However, the presence of Acanthamoeba on the ocular surface of healthy and affected individuals has not been investigated so far.
In this study, the presence of Acanthamoeba strains on the ocular surface of patients attending an ophthalmology consultation in Tenerife, Canary Islands, Spain, was investigated. Among these individuals, patients with ocular surface diseases/infections and also healthy patients were identified. A total of 15 individuals (17 samples) in this study were positive for genus Acanthamoeba on the ocular surface. Interestingly, it was observed that most of the individuals that were positive for Acanthamoeba (14 of 15) did present ocular surface pathologies such as staphylococcal blepharitis, seborrhoeic blepharitis and keratoconjunctivitis sicca. Only one patient did not present any pathology at the ocular surface level. Therefore, and in view of the results obtained, the detection of an ocular surface pathology may be related to the presence of Acanthamoeba on the ocular surface. Nevertheless, further studies involving a higher number of patients, including individuals without any ocular pathology and also contact lens wearers among the population to be surveyed, should be conducted in future. Moreover, there are precedents for Acanthamoeba asymptomatically colonizing other parts of the human body and thus supporting our observations (Bradbury et al., 2014; Madrigal Sesma & Santillana Ló pez, 1989; Rivera et al., 1984) . Another factor to consider is that individuals affected by keratoconjunctivitis sicca, or dryeye syndrome, should be considered at risk of suffering AK since the lack of natural tear flow could induce the growth of unusual pathogens on the ocular surface. Other authors have reported the presence of both pathogenic bacteria and Acanthamoeba in the eye and on contact lenses, among other sites, and even Pseudomonas aeruginosa has been reported to play an important role in the formation of biofilms for the attachment of Acanthamoeba strains to contact lenses (Barker & Brown, 1994; Larkin et al., 1990; Simmons et al., 1998) .
Furthermore, the isolated Acanthamoeba strains belonged to genotype T4. This genotype has been related to more than 90% of Acanthamoeba infections worldwide, and thus the presence of this genotype in the population studied should be considered. Moreover, all isolated strains were positive for thermo-and osmotolerance assays, which allowed the classification of all the strains as potentially pathogenic, with the exception of two strains as mentioned before (Table 1) . Additionally, all isolates were sensitive to chlorhexidine and voriconazole, although voriconazole was much more active against the tested strains than chlorhexidine and should be considered as first-election treatment in AK cases reported in the study region. In conclusion, the Schirmer test strip used in the study was shown to be an effective and easy tool for obtaining ocular surface samples from patients. Moreover, direct PCR on the Schirmer test strip showed 100% sensitivity in detecting patients with Acanthamoeba on the ocular surface. These results were corroborated by culture of strips on 2% NNA plates, since the samples testing positive by culture (17) were exactly the same as were obtained by applying PCR directly to the Schirmer test strips. Therefore, these strips should be considered in the future as a tool for obtaining ocular surface samples in an aseptic, easy and fast way in order to carry out studies on pathogens at the ocular surface such as the one presented here.
